Introduction: Chicory (Cichoriumintybus) commonly known as kasni has health benefits such as improving liver health, digestion, boosting immune system possibly because of its water soluble dietary fibres and polyphenols. A diet rich in polyphenols and fibers helps in loweringcholesterol leading to less plaque formation, preventing blockage and risk of stroke. Owing to the fact that these polyphenols may reduce the elevated glucose the present research work was undertaken to extract the polphenols from Chicory roots and evaluate their antioxidant and hypoglycemic potential. Materials and Methods: Polyphenol rich fraction of root extract was subjected to estimation of total phenolic estimation and free radical scavenging activity using various antioxidant assays. The antidiabetic potential of the polyphenol rich fraction was also estimated using Alloxan Induced Diabetic Rat model.
INTRODUCTION
Diabetes is one of the most common non-communicable diseases found globally (2.8%) and is the fourth leading cause of death in most developed countries. Almost 3.2 million people die of diabetes across the world every year [1] . World Health Organization (WHO) has estimated approximately 160,000 diabetics worldwide which would double in the year 2025 [2] . Ageing, highcaloric rich diet, obesity and stressful life style have further severed diabetes patients [3, 4] . The modern treatment includes administration of insulin or oral hypoglycemic agents like sulphonylureas, biguanides etc. However these oral hypoglycemic agents are found to be less effective in insulin-dependent diabetes and their side effects such as allergic skin reactions (photosensitivity), gastrointestinal disturbances, blood dyscrasis, hepatic dysfunction and hypoglycemia etc further limit their use [5] .Thus despite considerable progress in the treatment of diabetes in modern and traditional systems of medicine search for newer drugs continues [6] [7] [8] .
The present research work is one such attempt to investigate the antidiabetic potential ofChicory,a leafy vegetable with a broad therapeutic potential. Hydroalcoholic seeds extract of the plant acts as hepatoprotectant. Its root extracts is found to lower liver lipids, triglycerides and cholesterol content. Chicoryis reported to contain more than 10% of total polyphenols, the most dominant being dicaffeoylquinic acids (71% of total polyphenols) with marked antioxidant and anti-hyperlipidimic activity [9, 10] .
The plant also contains Chicoric acid which was found to stimulate insulin release from INS-1 E insulin secreting cell lines and rats islet of Langerhans as well as glucose uptake [11] .
Two new anthocyanin have been isolated from flowers of Cichoriumintybus and identified as delphinidin 3, 5-di-O-(6-O-malonyl_beta glucoside) and delphinidin 3-O_(6-O-malonyl-beta-D-glucoside)-5-O-beta-D-glucoside [12] .
The Leaves contain coumarines, esculetin, cichoriin andsesquiterpene lactones. A new coumaringlucoside ester Cichoriin-6'-p-hydroxyphenyl acetate, was isolated from chicory leaves along with cichoriin. New sesquiterpene lactone like cichoridiol, Cichosterol (seco-sterol), Lactucin, Lactucopicrin, 11,13-dihydrolactupicrin were also reported in roots and leaves of Cichoriumintybus [13, 14] .
The plant is reported to possess anti-hyperlipidemic, antioxidant, Hypoglycemic, anti-inflammatory, Antibacterialanti-hepatotoxicactivity [15] [16] [17] [18] [19] [20] .
It is now a worldwide accepted truth that diet rich in polyphenols helps in lowering cholesterol levels in the blood leading to less plaque formation, preventing the blockage and hence reducing the risk of hypertension, stroke [10] Owing to the fact that these polyphenols may also reduce the elevated glucose concentration and since very few research papers pertaining to their hypoglycemic potential are reported, the present research work was undertaken to extract the polyphenols fromChicory roots and evaluate their antioxidant and hypoglycemic potential.
Various pathophysiological parameters such as lipid profile (HDL, LDL), body weight, serum alkaline phosphatase level were also monitored which are generally elevated with the onset of diabetes.
MATERIAL AND METHODS

Plant material collection, Authentication and extraction
The dried roots of Chicoriuminty bus family Asteraceae was collectedfrom Ayurvedicstore and authenticated from Botanical Survey of India, Koregaon park, Pune (BSI/ WRC/Tech/2010/1008).
Air dried roots of Cichoriumintybus were coarsely pulverized and passed through 120 sieves to remove fines. The coarse root powder was exhaustively extracted with ethanol, filtered and the filtrate was concentrated in a rotary evaporator. The ethanolic extract was redissolved in water, filtered and the filtrate was concentrated to get a polyphenol rich aqueous fraction [10, 11] .
Determination of Total Phenolic Content
A 100μl of extract was mixed with 0.5ml FC reagent (diluted 10 times with distilled water). The solution was mixed with 7ml of distilled water and allowed to stand at room temperature for 5 minutes. 1.5ml sodium bicarbonate (60mg/ml) solution was added to the mixture and left at room temperature in dark for 2 hours. Absorbance was read at 725nm against blank using UV-Visible spectrophotometer (Perkin Elmer Lambda 35, USA). A calibration curve was prepared, using a standard solution of gallic acid (0.2, 0.4, 0.6, 0.8 and1mg/ml). Results were expressed as gallic acid equivalents (GAE) mg /ml [17] .
In -Vitro Antioxidant Activity
DPPH (2,2-Diphenyl-1-picrylhydrazyl) Assay
A solution of 3.3mg DPPH in 100ml methanol was prepared and 1.0 ml of this solution was mixed with 1.0 ml of extract in methanol containing 0.02 -0.1 mg of the extract. The reaction mixture was vortexed thoroughly and left in the dark at 25°C for 30 min. The absorbance of the mixture was measured at 517 nm. BHT was used as reference. The ability to scavenge DPPH radical was calculated by the following equation:
where A (control) is the absorbance of DPPH radical + methanol; A(test) is the absorbance of DPPH radical + test sample.
IC 50 value i.e. the half maximal (50%) inhibitory concentration was calculated using the % Inhibition values graphically [18] .
ABTS (2,2'-Azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) scavenging activity
The stock solutions included 7 mM ABTS solution and 2.4 mM potassium persulfate solution. The working solution was then prepared by mixing the two stock solutions in equal quantities and allowing them to react for 12 h at room temperature in the dark. The solution was then diluted by mixing 1 ml ABTS solution with 60 ml methanol to obtain an absorbance of 0.706 ± 0.001 units at 734 nm using the spectrophotometer. Fresh ABTS solution was prepared for each assay. Plant extracts (1 ml) were allowed to react with 1 ml of the ABTS solution and the absorbance was taken at 734 nm after 7 min using the spectrophotometer. The ABTS .+ scavenging capacity of the extract was compared with that of BHT and percentage inhibition was calculated using the same equation as that for DPPH method [19] .
FRAP (Ferric Reducing Antioxidant Potential) Assay:
The stock solutions included 300 mM acetate buffer (3.1 g sodium actete and 16 ml acetic acid), pH 3.6, 10 mM TPTZ (2, 4, 6-tripyridyl-s-triazine) solution in 40 mMHCl, and 20 mM FeCl 3 solution. The fresh working solution was prepared by mixing 25 ml acetate buffer, 2.5 ml TPTZ, and 2.5 ml FeCl 3 . The temperature of the solution was raised to 37°C before using. Plant extracts (150 μl) were allowed to react with 2850 μl of the FRAP solution for 30 min in the dark condition. Readings of the colored product (ferrous tripyridyltriazine complex) were taken at 593 nm. The standard curve was linear between 200 and 1000 μMTrolox. The FRAP scavenging capacity of the extract was compared with that of BHT and the percentage inhibition was calculated using the same equation as that for DPPH method [19] .
Biological Screening
Healthy adult Wistar albino rats aging between 2 and 3 months and weighing 150-200 g were used for the study. Housed individually in polypropylene cages, maintained under standard conditions (12 h light and 12 h dark cycle, 25±30•C, 35-60% relative humidity), the animals were fed with standard rat pellet diet (Hindustan Lever Ltd., Mumbai, India) and water ad libitum.
Acute Oral toxicity
Acute toxicity test was performed according to the OECD guideline for testing of chemicals 425 (OECD 2001) on healthy Wistar albino rats of either sex. They were divided into two groups, of five rats each and were orally fed with the polyphenol rich fraction in increasing dose levels of body weight as follows100, 500, 1000, 3000 and 5000 mg/kg. The animals were observed continuously for 24 h for their behavioral and Psychological response [20] .
After a period of 24 h, 72 h and 14 days they were observed for any lethality or death. Approval number: (ACP/2551(G)/2009)
Oral Glucose Tolerance Test
The rats were fasted for 18 hours and later fed with distilled water. Rats were divided into four groups as follows:
Group I-Glucose (2.5 g/kg, p.o.)
Group II-Glibenclamide (0.4 mg/kg) Group III-polyphenol rich fraction (15 mg/kg) Group IV-polyphenol rich fraction (30 mg/kg)
All the groups were glucose loaded (2.5 g/kg, p.o.), 30 minute after test and standard drug administration. Blood samples were withdrawn from all animals at 0, 30 and 60 minutes after glucose loading and glucose levels were estimated using Glucose oxidase-peroxidase reactive strips and a Glucometer (ArkayPiramel Medical Pvt. Ltd. INDIA) [19, 20] .
Evaluation of Serum glucose in Alloxan induced Diabetic rats
The acclimatized animals were fasted for 24 hours after which they were administered with waterad libitum and injected subcutaneously with 120 mg/kg b.w. of alloxan monohydrate freshly prepared in 0.9% normal saline solution. After 72 hrs blood samples was withdrawn by retro orbital puncture and serum glucose (SG) was estimated by enzymatic colorimetric method. The animals which showed SG more than 200 mg/dl were selected for study. The drug solutions were prepared and administered orally according to the body weight of the animals. Blood samples were withdrawn from all animals at baseline, 7 th and 14 th day by retro orbital puncture method and were subjected to estimation of various biochemical parameters using enzymatic calorimetric method. The effects of test and standard drugs in normal and diabetic rats were observed by evaluating fasting blood glucose levels using the BIO LAB Diagnostics Kit (505nm) on CHEM-7 semi auto-analyzer along with measure of serum insulin at 7 th and 14 th day of the study [21] .
Analysis of Biochemical Parameters
The biochemical parameters associated with the diabetic disease were determined on 14 th day of treatment on CHEM-7 semi auto-analyzer at specific wavelengths (λ) [22, 23] . 
i. Serum Triglycerides
Statistical analysis
Data were statistically evaluated using one-way ANOVA, followed by Dunnett test. The values were considered significant when p < 0.05.
RESULTS AND DISCUSSION
The Total Phenolic content of Cichoriumintybus root extract was found to be 30.23 µg/ml
DPPH (2,2-Diphenyl-1-picrylhydrazyl) Assay:
The 50% Inhibition of DPPH radical for standard antioxidant was found at the concentration of 60μg/ ml(IC 50 60μg/ml). The polyphenol rich fraction showed a (Table 1 ).
ABTS (2,2'-Azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) scavenging activity:
The 50% inhibition of the reactive oxygen species was found for the isolated polyphenols at 4.5 μg/ml (***P<0.001) concentration. The 50% inhibition of standard antioxidant compound BHT was found at the concentration of 0.25mg/ml (***P<0.001). 
FRAP Antioxidant Assay:
The TEAC value was found to be 1.178 mM for the polyphenol rich fraction of the root extract ofCichoriumintybus.
Biological Screening Acute Oral Toxicity
The LD 50 value was found to be greater than 5000 mg/kg with no mortality. In the present study glucose (2.5 g/kg) was administered to rats after pretreatment with polyphenol rich fraction. Chronic heart disease in diabetic patients is associated with increased plasma cholesterol levels, reduced HDL in non insulin dependent diabetic patients and the most common lipid abnormality i.e. raised triglyceride levels. The efficacy of conventional anti-diabetic drugs on lipid metabolism has been reported to decrease over a period of time. When treated with Cichorium intybuspolyphenol rich fraction (30mg/kg), there was a significant reduction in serum triglycerides (**P<0.01), total cholesterol concentrations (**P<0.01) ( Figure 6 ) and significant increase in serum HDL level in diabetic rats (**P<0.01) respectively as compared to untreated group. (Figure 6 ) 30mg/kg dose also caused significant decrease (**P<0.01) in Serum LDL and alkaline phosphatase level. (Figure 6 ) However, there was no significant change in serum insulin of all drug treated animals (**P<0.05). (Figure 6 ) While the serum triglyceride and cholesterol levels decreased significantly in drug treated diabetic rats, the HDL cholesterol level was found to be improved. Thus the weight loss associated with drug treated diabetic rats may be attributed directly to its lipid lowering activity or indirectly to its influence on various lipid regulation systems. The comparable effect of Cichoriumintybus polyphenol rich fraction (30mg/kg) with Glibenclamide may suggest similar mode of action since it was able to lower blood sugar level in alloxanised rats where the pancreatic β-cells were permanently damaged indicating that the polyphenol rich fraction possesses extra pancreatic effects.
Oral Glucose Tolerance Test
CONCLUSION
Thus it can be concluded that the polyphenol rich fraction of Cichoriumintybus has a promising hypoglycemic potential which might be accounted for its abundant water soluble polyphenol content which are proven to scavenge the harmful free radicals. However the confirmation can be drawn from the isolation and structural elucidation of the polyphenols from the polyphenol rich fraction and its screening in the diabetic human population to elucidate its mechanism of action.
